Introduction
The study of granule secretion in blood platelets began with the work of Grette, who first coined the term 'release reaction' to describe the secretion of granule contents [l] . A number of years later Holmsen established clearly that this process required energy and would not occur if cellular Abbreviation used: I'MA, phorhol 12-myristate 13- acetate.
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ATP was depleted sufficiently [Z] . At approximately the same time, White was studying electronmicroscopic changes associated with secretion and noted that platelets were unusual because, following activation, their granules moved initially towards the centre of the platelet rather than towards the periphery [3] . White demonstrated that a n actin-myosin network surrounded the granules associated with secretion, which appeared to squeeze the granules towards the centre of the cell and might have a role in facilitating the membrane fusion which accompanied the secretion. Extensive studies by White on the mechanisms of secretion showed that the granules could fuse with the membranes of the surface-connected canalicular system, release their contents into the channels of this membrane system and thereby gain access to the exterior extracellular plasma [4] . Subsequent studies established that, when the platelets formed small aggregates, the granule contents moved towards the site of platelet adherence [S] . This provided a potential mechanism for the actin-myosin contraction to drive the granules up against the cell membrane. Under these conditions, the granules could fuse directly with the outer plasma membrane to secrete their contents directly into the extracellular space, rather than into the surface-connected canalicular system.
The first clue that another process was involved, which was separable from the actin-myosin contraction, but was critical for the fusion of platelet membranes during secretion, came from studies with the phorbol ester, phorbol 12-myristate 13-acetate (PMA) [6] . Adding PMA was shown to stimulate the formation of vesicular structures inside the platelets. Electron-microscopic and cytochemical studies showed that these dilatated vesicular structures were almost all continuous with the extracellular milieu, presumably through connections with the surface-connected canalicular system. The results implied that the membranes of the granules were fusing with those of the surface-connected canalicular system and that the contents of the granules were becoming diluted. Several years later it was shown fortuitously that the diglyceride dicaprin could produce effects similar to the phorbol ester [7] . At approximately the same time it was discovered that certain diglycerides could activate protein kinase C specifically, an effect mimicked by PMA [8, 91 . We have used additional protein kinase C activators and inhibitors to probe the relationship between protein kinase C and the fusion of granule membranes, to understand the mechanism of this effect.
Experimental
Platelets were prepared for study in platelet-rich plasma or were washed using a centrifugation step, as previously described [ 10-131. For examination under the electron microscope, platelet samples were fixed by the addition of an equal volume of 
Results and discussion
Resting platelets are discoid in shape and show a homogenous distribution of intracellular organelles, including secretory granules (Figure 1 a) . Oleoylacetylglycerol, a synthetic diglyceride which can activate protein kinase C, was found to produce fusion of both dense granule and a-granule membranes with each other and with those of the surface-connected canalicular system producing vesicular structures (Figure 1 b) . Similar effects were observed in platelets exposed to PMA (Figure lc) [lo]. Careful time-course studies showed that there appeared to be both membrane fusion and granule swelling involved, although it was not possible to delineate which process occurred first [ 10, 1 1, 151.
Evidence that the effects of phorbol esters and calcium in stimulating actin-myosin contraction and secretion were synergistic was first obtained when it was found that the co-addition of the prostaglandin endoperoxide PGG,, to stimulate calcium flux, and PMA caused platelet-granule release synergistically [ 161. Subsequent studies using oleoylacetylglycerol and the calcium ionophore A23187 demonstrated a similar synergism [ 171. The confirmation that this effect was due to the action of protein kinase C was obtained using protein kinase C inhibitors, which were found to attenuate secretion [ 1 11. At concentrations similar to those needed to inhibit protein kinase C and secretion, Figures I d and  2u ) markedly inhibited the formation of vesicular structures and the fusion of granule membranes in platelets exposed to either oleoylacetylglycerol or PMA. These studies appear to establish an important role for protein kinase C in the process of granule-membrane fusion, necessary for platelet secretion.
1-(5-isoquinolinesulphonyl)-Z-rnethylpiperazine (H7) [ 111 and staurosporin (

Sodium-hydrogen exchange
In a number of cells activation of prctein kinase C has been reported to stimulate sodium-hydrogen exchange subsequently [ 181. Inhibitors of Volume sodium-hydrogen exchange were studied to assess whether this was involved in the protein kinase C-mediated membrane fusion and secretion. Amiloride and dimethylamiloride, however, failed to block both the membrane fusion and vesiculation which occurred in response to phorbol esters and oleoylacetylglycerol, and the secretion produced by adding A23187 and a protein kinase C activator together [ 111.
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Histomine
Human platelets produce histamine in response to PMA; this might have a role in the subsequent platelet response [ 12, 191 . Therefore the possible role for intracellular histamine in membrane fusion was examined. Both a-methylhistidine, an inhibitor of histamine synthesis (Figures 2b and c) and N,Ndiethyl-2-( 4-[phenylmethyl]phenoxy)ethanamine HCl (DPPE), an antagonist of histamine binding in (Magnification x 15400). In (c), a-methylhistidine prevented the granule-membrane fusion and vesiculation stimulated by PMA.
(Magnification X 21 700).
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platelets were found to block the granule-membrane fusion and the vesiculation which occurs in response to PMA and oleoylacetylglycerol. Further studies have demonstrated that the histamine produced in response to phorbol esters remains intracellular (cytoplasmic) and are consistent with an intracellular role for histamine in promoting platelet secretion [ZO-221.
The precise mechanism of action of histamine remains uncertain. In response to collagen, histamine, produced intracellularly, may promote the activation of phospholipases leading to arachidonic acid mobilization 121, 221. Inhibition of thromboxane formation does not produce significant inhibition of vesiculation in response to PMA and oleoylacetylglycerol and it seems unlikely that thromboxane is a primary candidate. On the other hand it is possible that activation of phospholipases in the granule membrane may have an important role in promoting fusion. Therefore although a role for protein kinase C in platelet secretion seems reasonably established now, potentially either by directly altering the lipid constituents of the granule membrane or by releasing arachidonic acid, which Volume 
I
has been shown to cause fusion of isolated chromaftin granules [23] , further studies are needed to localize and identify the precise mechanism involved.
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